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Control device for non-positive connections 

The invention relates to a control device for non-positive 
connections, advantageously screw connections. 

Screw connections are based on the conversion of a torque into 
an axial force via a thread. This force results in a reversible 
elongation of the shaft of the screw and presses the components 
to be joined against one another in non-positive manner. Screw 
connections are numbered among the detachable connections in 
the construction industry, wherein their greatest danger is 
also found. These connections can lose their function due to 
vibration, settlement processes or the like. 

To prevent independent detachment various methods are employed. 
Split pins can be fitted transversely through the screw to 
prevent it falling out. But then the joint has in reality 
already been loosened. Various types of adhesives are further 
used which are intended to prevent loosening due to vibration. 
Furthermore, elastic screws are used which maintain a certain 
tension and thus should prevent them vibrating loose. 

All these methods, however, provide no information about the 
state of a screw connection and are intended to maintain a 
status quo which has already set in. The quality of a screw 
connection is determined by the axial pretensioning which in 
more demanding structures must be within a certain range. Thus, 
for constant monitoring an axial force must be continuously 
measured. 

To measure the axial force of screw connections methods are 
known in which the tightening torque is converted into an axial 
force. These methods yield only unreliable results and are 
highly dependent, for example, on the coefficient of friction 
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between the screw head and the underlying material which 
changes markedly with operating time. 

For measuring the axial force it is, furthermore, known to 
apply a piezoelectric layer system on the screw head. In this 
way a very precise measure of the axial load in the screw 
connection is obtained via an ultrasonic reading device. Such a 
procedure, however, is associated with some disadvantages. On 
the one hand, it is not suitable for every shape of head and, 
on the other hand, a new characteristic curve must be recorded 
for every type of screw. Furthermore, due to the high cost of 
the ultrasonic read-out continuous monitoring of many screw 
connections is hardly economically achievable. 

Known solutions have been described in DE 198 31 372 and DE 199 
54 164. These solutions, however, have the disadvantage that a 
relatively great deformation and hence measuring distance must 
be used as may be seen in DE 198 31 372 with reference to Figs 
lb or lc. A great disadvantage of the known solutions also 
consists in that there can be no optimised adjustment of the 
axial force measurement. When the piezoresistive measuring 
layer on a U-disk is used as presented in DE 199 54 164 the 
change in resistance as a function of force exhibits an 
exponential relationship. Consequently, with high loads the 
sensitivity of the measurement falls since the gradient of the 
curves turns out to be considerably flatter. In order 
nevertheless still to obtain precise results for the axial 
force transmitted to the screw shaft a sensitive electronic 
measuring system is needed or particularly costly boundary 
conditions have to be created so that in spite of everything a 
sufficiently precise and informative measurement can- .be. carried 
out. This gives rise to high costs for measurements which may 
still be inaccurate. 
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Accordingly, it is an object of the present invention to 
provide a device for checking non-positive connections which 
affords an low-cost and exact determination of the axial force 
introduced into the non-positive connection, in particular a 
screw connection. 

This task is solved by means of a device according to claim 1. 

By virtue of a measuring element acted upon by force - 
application elements being provided with a layer having a force 
sensory effect and the surface of the force sensory layer 
having bumps in the layer in the form of flat prominences for 
absorbing a force applied by the force-application elements it 
is possible to set the shape of the curve (change in resistance 
versus the force applied) by providing certain support 
profiles. Thus, it is possible to vary certain bump profiles 
(eg in their surface area or shape) in such a way that the 
measurement can always be made in an optimum region of the 
curve in which a favourable gradient of the curve can be used 
for evaluation without the need for costly evaluation methods. 
Thus, it is possible in this way for the core of the measuring 
element and/or an intermediate layer and/or the force sensory 
layer to have flat bumps which are constructed as support 
profiles. By this means there is selective adaptation by 
specifying the desired absorbing surface area for the force to 
be applied. In terms of the present invention, by "force- 
application elements" is meant all elements (regardless of 
their shape and number) which can apply a force to the 
measuring element according to the invention. 

This teaching according to the invention is possible in 
principle for all layers exhibiting a force sensory effect. In 
the present application a "force sensory effect" can be taken 
to mean any material whose electrical resistance changes under 
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the influence of mechanical loading. A known subgroup of this 
type is provided by way of example by piezoresistive materials. 

Advantageous refinements of the present invention are specified 
in the dependent claims . 

A very advantageous refinement provides that the force- 
application elements are parts of a screw connection. In doing 
so the first force-application element can be the head of a set 
screw and the second force-application element complementary 
thereto a nut on the set screw. Alternatively, it is also 
possible to provide a screw bolt, wherein the force-application 
elements take the form of two nuts which enclose the measuring 
element (together with the structural element to be joined) . In 
principle, however, the invention is usable for all non- 
positive connections, eg also for any stays, brackets and 
mounts. In principle the connection can also be used for 
strength control of rivet connections etc. 

Another refinement provides that the measuring element has 
upper and lower sides located opposite one another, wherein the 
upper and/or lower side are each provided with a layer 
exhibiting a force sensory effect. This means that in the 
measuring element, which preferably has a flat cross-section 
(eg is provided with a round or square shape or with an 
additional twisting safeguard) , the prominences which as it 
were represent the "force sensor" can be optionally arranged on 
the upper or lower side of the measuring element. Of course it 
is also possible for the latter to be provided on both sides of 
the measuring element and signal processing can then be 
evaluated in a common or a separate circuit for the upper and 
lower side. 
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Depending on the material of the core of the measuring element 
on which the force sensory layer is applied (that is primarily 
dependent on whether this core is electrically conducting or 
not) the measuring element can be provided in those areas not 
covered by a force sensory layer either with an electrically 
insulating layer (ie, for example, more than 10 15 ohm cm) or be 
uncovered in these residual areas (in the case of an electric 
insulator) . 

Different designs are possible for the shape of the measuring 
element but a hollow cylindrical shape is particularly 
advantageous. In this case the measuring element has the form 
of a disk having a central hole allowing passage of a bolt or 
screw. 

In relation to this in particular a refinement provides that 
the bumps are arranged in the form of rings on the upper or 
lower side of the measuring element, that is, for example, 
concentrically relative to the hole for passing the screw 
through. With regard to this it is also possible that a 
plurality of annular prominences are provided which again are 
arranged concentrically relative to one another. 

Depending on the desired contact surface or force-deformation 
relationship these annular prominences can possess a 
rectangular, triangular or rounded cross-section perpendicular 
to the circumferential direction. 

Independently of this a plurality of elevated areas possessing 
completely different geometries may also be provided. Thus, for 
example, individual areas may have collections of cylindrical 
elements located beside one another on the surface of the 
measuring element, rectangular elements etc. In principle the 
support profile of these prominences is arbitrarily variable 
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with regard to type and/or number. With the aid of method known 
from texturing technology pretty well any shapes are 
producible. Known methods include, for example, embossing, 
forming and pressing methods, methods from grinding and 
machining technology and etching methods, laser texturing and 
spark erosion. The different elevated areas (regardless of 
whether they are accommodated on a common side of the measuring 
element or not) are if required electrically addressable 
independently of one another. 

This can be useful for thermal compensation or for obtaining an 
average value (compensation, for example, of geometric 
tolerances in a screw or in a structural part to be joined) . In 
principle the regions located on the upper and lower side can 
each separately be electrically addressed and in terms of 
signals be processed jointly in a parallel circuit. In doing 
so, for selective control of the resistance the thickness of 
the layer on the upper or lower side can be built up 
differently in each case. 

A particularly advantageous refinement provides that the 
measuring element, in the shape, for example, of a washer, is 
accommodated in an eyelet to prevent changes in position of the 
measuring element in the event of movement of the force- 
application elements relative to one another. By this means it 
is prevented that in the event, for example, of rotation of a 
screw head the measuring element in the form of a washer 
automatically turns with it. Such parallel rotation can be 
harmful particularly when the force sensory layer is composed 
of a highly wear-resistant material. At the same time fractures 
in the layer may occur which falsify the measured values or 
- mechanically damage the screw connection or its adjoining 
parts . 
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A common embodiment provides that the measuring element has a 
core onto which the force sensory coating is applied. The core 
is preferably made from hardened or unhardened steel or alloyed 
steels or stainless steel or from ceramic materials or from 
glass-fibre reinforced plastics etc. To prevent brittle 
fractures in the coating it is, however, useful in the case of 
diamond- like carbon compounds in the force sensory layer not to 
provide core materials which are too readily deformable, eg 
lead. In principle the core can even be produced from materials 
having a low melting point since in the case of use of force- 
sensitive diamond-like carbon layers the layer can also be 
applied by cold methods (preferably below 150 degrees 
centigrade) . 

The force sensory layer can be formed from various materials. 
Possibilities include, for example, mechanically rigid 
semiconductors or known piezoresistive materials. The force 
sensory layer can be produced with the aid of known CVD and PVD 
methods and in the case of diamond- like piezoresistive layers 
production ensues, for example, by means of plasma CVD 
technology. Metal-doped, diamond-like force sensory layers can, 
for example, be produced by means of ARC, sputter and gas flow 
methods. With regard to potential layer materials we refer 
expressly to DE 199 54 164 Al in which an abundance of 
materials is specified. To avoid repetition reference is made 
only to this published application the full details of which 
relating to the material should be incorporated in the present 
application. It must be emphasised that constructing the force 
sensory layer of amorphous carbon is particularly advantageous. 
For example, graphitic structures having sp 2 hybridisation can 
be provided in combination with diamond-like structures having 
sp 3 hybridisation . 
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The device according to the invention can additionally contain 
electric connections and an electric circuit for obtaining, 
transmitting and evaluating signals. To prevent problems due to 
ingress of liquid or the ability of individual elements to 
rotate transmission of signal values can also ensue by 
telemetry. 

Other advantageous refinements of the present invention are 
specified in the dependent claims. 

The invention will now be explained with reference to a number 
of figures. These show: 

Figure 1 a device according to the invention for checking non- 
positive connections in the installed state ; 

Figures 2a 

and 2b a plan view and a cross-section of a first embodiment 
of a measuring element according to the invention; 

Figures 3a 

to 3f other embodiments of a measuring element according to 
the invention; 

Figure 4 different prominence regions in plan view of. another 
embodiment of a measuring element according to the 
invention. 

Figure 1 shows a device 1 for checking non-positive 
connections. A screw connection is shown. A screw shaft 6 has a 
screw head 2a rigidly connected thereto at its upper end and a 
nut 2b screwed on by means of a thread at its lower end. The 
screw head 2a and nut 2b are two force-application elements as 
defined by the invention. 
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Fitted between these force-application elements are two 
structural elements 12a and 12b to be joined in non-positive 
manner which have corresponding openings for the screw shaft 6 
to pass through. Provided on the upper structural element 12a 
is a measuring element 3 according to the invention inside a 
sleeve 10, The measuring element 3 is covered substantially 
over its entire surface by a layer 4. Fitted on the upper and 
on the lower side of the measuring element 3 are concentric 
annular prominences 5a (outside) and 5b (inside) which are 
concentric with a central bore for the screw shaft to pass 
through. The prominences project from the upper and lower side 
of the measuring element 3 and are connected to the insides of 
the sleeve 10 , ie only the prominences are connected to the 
upper or lower inside wall of the sleeve and thus only these 
are subjected to compressive force when the distance between 
the two force-application elements is shortened. 

For detecting the level of a compressive force on the measuring 
element 3 the layer 4 exhibits a force sensory effect as set 
out in the definition given above. In this case the layer 4 is 
formed from an amorphous carbon such as may be found in DE 199 
54 164 Al for example. In principle, however, all materials 
exhibiting a change in electrical resistance under mechanical 
load are conceivable for this application. 

An essential feature of the present invention is that due to 
the construction of the support profiles on the measuring 
element 3, ie the force-absorbing elevations (eg 5a and 5b) the 
area over which the compressive force of the force-application 
elements is distributed can be varied within practically any 
limits. As already stated above this is useful in order to 
obtain a favourable range for evaluating the relationship 
between applied force and change in electrical resistance. 
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In a preferred version electrical contact takes place via the 
core of the measuring element 3 and the second contact via the 
earthing of the device. However, other measurement -based 
evaluations are also possible. 

The measurement -based evaluation ensues through electrical 
contacts 11a and lib. In this case the electrical contacts 11a 
and lib are initially insulated from one another. They are each 
connected to the force sensory layers of the upper and lower 
sides which are electrically insulated from one another. In 
principle the layers on the upper side and on the lower side 
form mutually independent measuring sensors of the measuring 
element 3 which are each connected to another pole which is not 
illustrated (earth pole; for this purpose customary 
electrically conducting materials have to be chosen for the 
adjoining components) . To improve signal quality the signals 
from the force sensory layers on the upper or lower side can be 
recorded in a common parallel circuit and evaluated later. 

Of course the measuring element 3 can have a force sensory 
layer only on 'the upper side or only on the lower side with 
regard to which we refer to the embodiments presented below. 

The embodiment shown in Figure 1 has a particular advantage 
since the measuring element 3 is accommodated in a sleeve 10 to 
secure it against twisting. The sleeve 10 (as well as the screw 
shaft 6 and the force-application elements 2a and 2b) can 
consist of an electrically conducting metal. By interposing the 
sleeve 10 relative movement between the screw head 2a and the 
coated elevations 5b and 5a is prevented on the one hand and a 
safeguard against twisting is obtained. For this, purpose an 
additional twisting safeguard can also be provided by means of 
corresponding form- fitting catches . 
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It is, however, expressly emphasised that the sleeve 10 is not 
an essential feature of the overall invention, ie that all of 
the embodiments shown here are also suitable without a sleeve 
10, ie in direct contact with the component 12a or the screw 
head 2a. 

With regard to the structure of the measuring element 3, apart 
from the nature of the prominences 5a and 5b different 
structural forms with regard to the material of a core 3 1 of 
the measuring element 3 and the force sensory or electrically 
insulating layers applied thereon are also possible. In the 
present case the core is composed of simple unhardened steel 
but depending on the application any hardened stainless steels 
or steel alloys are also possible or even ceramic materials or 
glass-fibre reinforced plastics (see the introduction to the 
description above) . 

Figures 2a and 2b show another embodiment of a measuring 
element according to the invention. This has an electrically 
insulating layer 9 on its flat lower side 8. In this case an 
electrical insulator has to be regarded as any substance having 
a specific resistance of 10 15 ohm cm or more. Examples of 
insulators coming into consideration are Al 2 0 3 , Ti0 2 , Si0 2 , SiN 
or a material composed of high-ohmic, diamond- like carbon sold 
under the trade name 11 SI CON®" . The measuring element 3 has a 
flat, hollow cylindrical cross-section having only one 
elevation on the upper side arranged concentrically about a 
central opening. In this case the upper side is coated with a 
force sensory layer 4. Depending on the shape of the desired 
curve of compressive force versus change in electrical 
resistance and depending on the hardness/brittleness of the 
force sensory layer 4 the cross-section of the prominences 5a 
perpendicular to the circumferential direction of these 
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circular prominences can have differing shapes. If introduction 
of pressure over a large area is preferred rectangular cross- 
sectional shapes as shown in Figure 2b are possible, but 
triangular or rounded shapes may be selected for a more 
pronounced increase in pressure. 

Figures 3a to 3f show other embodiments of measuring elements 3 
according to the invention. A common feature of all of them is 
that in the region of the elevations on the measuring element 3 
they have at least in some areas a force sensory layer 
connected to an electrical contact. Advantageously, the force 
sensory layer should have a specific electrical resistance of 
less than 10 8 to 10~ 2 ohm cm. 

Figure 3a shows once again a hollow cylindrical version of the 
measuring element 3 with three concentric annular prominences 
5a, 5b, 5c having a rectangular cross-section. The lower side 
of the measuring element 3 is covered with an insulator 9. 
Figure 3b shows another embodiment having only two concentric 
elevations on the upper side but the circular disc is encased 
over its entire surface area by a continuous force sensory 
layer 4. 

Figure 3c shows another embodiment having only one circular 
elevation 5a on the upper side while the lower side of the 
measuring element 3 is uncoated (having neither a force sensory 
layer nor an insulating layer) . 

Figure 3d shows another embodiment in which the upper side and 
lower side are each provided with identically shaped concentric 
annular prominences. 

Figures 3e and 3f show other embodiments in which the lower 
side consists either of an insulator or a force sensory layer 
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and the plurality of elevations on the upper side optionally 
have a cross -section perpendicular to the circumferential 
direction of the annular elevations which is triangular or 
rounded . 

Finally, Figure 4 shows another embodiment of a measuring 
element 3 according to the invention in plan view. This does 
not have a rotationally symmetrical design with respect to the 
central axis for passing through the screw shaft. Instead, a 
plurality of areas with elevations 5a' to 5e ' are shown. These 
each consist of fields having support profiles which each 
differ in the type and/or number of elevations. The shapes 
coming into consideration are any knob-like or strip- like 
elements when viewed in plan view, eg those having a round, 
rectangular, circular arc-shaped plan view. The supporting 
elements can have different cross-sectional profiles. Thus, 
profiles having vertical and sloping edges as well as rounded 
cross-sectional profiles are feasible. 

It is also possible to insulate different elevation areas 
electrically from one another (regardless of whether these are 
fitted on the upper and/or lower side of the measuring element 
3) . In doing so the different elevation areas may have 
identical or different support profiles. An application for 
this consists, for example, in compensating for inaccuracies in 
measurement due to temperature fluctuations. 
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